Chlamydia psittaci is a major cause of ovine abortion in the fourth to fifth months of gestation.
Enzootic abortion of ewes (EAE) was first described in Scotland in 1936, 9 but it was 1950 before Stamp identified Chlamydia psittaci as the etiologic agent? Chlamydia is now recognized as a major cause of ovine abortion in Great Britain and many other sheep-producing countries, including the United States 6, 10, 14, 19 Chlamydial infection in the pregnant ewe may cause abortion (usually in the fourth to fifth months of gestation), stillbirth, or birth of weak lambs that die in the perinatal period. The dam is not systemically ill, but frequently has serosanguineous vaginal discharge with Chlamydial shedding a few days before and after abortion. 5, 7, 17 Diagnosis of EAE is usually based on direct visualization or isolation of C. psittaci. 17, 18 The purpose of this study was to determine the cause of abortion and stillbirth in sheep by using various laboratory procedures. In this report, we describe the procedures used to diagnose Chlamydial abortion in ovine fetuses received by the diagnostic laboratory during the lambing seasons of 1986, 1987, and 1988. Bacteriologic examination. Lung, abomasal content, and placenta (when available) were cultured for facultative anaerobes (aerobic bacteria), Campylobacter sp., and Brucella sp. 2 Fetal fluids (thoracic fluid, abomasal fluid, or urine) in selected cases were examined for Campylobacter sp. or spirochetes by darkfield microscopy. Table 1 . Chlamydia isolation procedure (modified from Storz*).
Materials and methods
1. Grind tissue with sucrose-phosphate-glutamate (SPG) transport medium ( Table 2 ). 2. Centrifuge tissue suspensions at 1,000 x g at 5 C (2,500 rpm). 3. Grow cells in chamber slides in minimal essential medium Eagle growth medium ( Table 2) just until monolayer appears complete. Pour off medium and inoculate duplicate chamber slides † with 0.5-1.0 ml of specimen material. 4. Incubate for 2-4 hr at 37 C in a 95% air-5% CO, incubator. 5. Aspirate specimens from cells. 6. Wash 3 times with transport medium. 7. Add 1 ml cycloheximide maintenance medium ( Cytology and histopathologic examination. Impression smears of cotyledons, when placenta was available, were stained with Wright-Giemsa stain or xanthine dye/thiazine dye mixture b and examined for the presence of Chlamydial elementary bodies. Fetal tissues, generally including brain, heart, thymus, lung, liver, kidney, spleen, and placenta (when available), were processed for routine histologic examination.
Serology. Fetal thoracic fluid was submitted, in selected cases, for serologic testing for antibodies to bluetongue virus by immunodiffusion, 11 bovine viral diarrhea virus by serum neutralization,'* and Leptospira interrogans by microagglutination. 3, 4 Chlamydia psittaci was considered the cause of abortion when its isolation from fetuses was accompanied by placentitis or evidence of inflammation in other fetal organs and when no other abortifacient agents were detected.
Results
Chlamydia psittaci was isolated in 20 of 52 cases of ovine abortion. In 2 cases, Escherichia coli was isolated and in 1 case, Campylobacter was isolated in addition to C. psittaci. In the remaining 32 cases, there were 2 isolations of E. coli, 2 cases of placentitis in which no bacterial pathogens were isolated, 1 case of toxoplasmosis diagnosed by histopathology, 1 identification of Leptospira interrogans by da&field microscopy, and 1 case of dystocia. In 25 cases, no cause for abortion or perinatal death was determined. Diagnoses of ovine abortion, stillbirth, and perinatal death are summarized in Table 3 .
Chlamydial isolation. Placenta or fetal lung and spleen from 34 of 52 cases of abortion, stillbirth, or perinatal death were cultured on mouse L cells for C. psittaci, which was isolated and identified by immunofluorescence ( Fig. 1 ) in 20 of the 34 cases.
Bacteriologic studies. In 1 case from which C. psittaci was isolated, Campylobacter sp. was also isolated. In 2 cases, E. coli was also isolated. In the remaining 17 cases, Chlamydia psittaci was the sole identified infectious agent.
Gross lesions. Chlamydia-infected fetuses were estimated to be in the fourth or fifth month of gestation. Placenta was presented to the laboratory in only 4 cases. Placentitis was a consistent gross lesion that appeared as yellow-brown 1-3-mm foci of necrosis in cotyledons with red-brown exudate in the intercotyledonary placenta (Fig. 2) . Specific gross lesions were not observed in fetal lambs.
Microscopic lesions. Chlamydiae appeared as red spherical structures, less than 1 µm in diameter, in the cytoplasm of trophoblasts in impression smears of cotyledons. In histologic sections, cotyledons had multifocal fibrinoid necrosis with infiltration of cotyledons and intercotyledonary placenta by mononuclear inflammatory cells with fewer neutrophils. In the lung, infiltration of alveolar spaces by histiocytes and rare neutrophils was apparent in 3 of 12 cases in which lung was examined. Autolysis may have precluded detection of pneumonia in remaining cases.
Virologic studies. No viruses were isolated from tissues of fetuses with Chlamydial infection.
Serologic studies. Serologic tests for exposure to bluetongue virus, bovine viral diarrhea virus, or Leptospira interrogans were negative in fetuses with chlamydial infection.
Discussion
Chlamydia psittaci was the most commonly isolated pathogen in cases of ovine abortion, stillbirth, and perinatal death examined in the Veterinary Medical Diagnostic Laboratory from 1986 through 1988. When placenta was available, recognition of the characteristic lesions of placentitis and detection of organisms in impression smears allowed rapid presumptive diagnosis of Chlamydial abortion. The diagnosis was then confirmed by growth of C. psittaci in cell cultures and identification by immunofluorescence.
Chlamydial isolation from fetal tissues was often essential for diagnosis because placenta was seldom available and autolysis frequently precluded visual detection of the organism in cytologic or histologic preparations. Our procedure for isolation has worked well in detecting Chlamydia in several species (sheep, cats, cattle, goats, and birds). The previously described centrifugation method 17 was effective in some cases, but often, particularly with postmortem specimens, cell survival with this technique was too short to complete isolation.
Chlamydial abortion is recognized in most major sheep-producing regions. The organism resides in the gastrointestinal tract, may infect the pregnant uterus, and is shed from the genital tract before and after parturition. Sheep are infected mainly by ingestion. 7 The abortion rate is usually about 5%, but may be much higher in flocks exposed for the first time. l7 Oxytetracycline therapy decreases the number of abortions, 20 particularly if instituted in the first half of pregnancy. 7 However, treatment often does not eradicate infection or prevent shedding of C. psittaci at parturition and thus should be reserved for abortion outbreaks. 10 Most ewes develop cell-mediated immunity that eliminates infection from the genital tract by 3 months postpartum and protects against abortion for about 3 years. 5, 7, 8 High maternal complement fixation antibody titers, however, are not associated with resistance to abortion or stillbirth. 5, 20 Inactivated vaccines are used in endemic areas 4-6 weeks before breeding, 7 but they are not 100% effective. 5 Diagnosis of Chlamydial abortion should be based on identification of the organism with the presence of typical placental lesions or inflammation in other fetal tissues. Cytologic examination of cotyledonary impression smears frequently allows rapid presumptive diagnosis of Chlamydial abortion. Chlamydia is less numerous in other fetal tissues. l3 The organism can be positively identified by fluorescent antibody test on cytologic preparations, frozen sections of placenta or other fetal tissues, and cultures. 17 Isolation on mouse L cells increases the chances of detecting Chlamydia and requires less time than isolation in embryonating eggs. l7 Serologic testing, using both complement fixation and enzyme-linked immunosorbent assay, can be used to support a diagnosis of EAE. 17, 18 Pregnant women should avoid contact with ovine fetuses or aborting ewes because C. psittaci of ovine origin has been linked to human abortion. l Sources and manufacturers a. Chlamydia conjugate, National Veterinary Services Laboratory, Ames, IA. b. Diff-Quik Stain Set, American Scientific Products, McGaw Park, IL. c. Lab Tek 4-well chamber slides, Nunc, Inc., Naperville, Il.
